Introduction
Photo-induced acid-catalyzed crosslinking systems have been extensively studied [1] . i-Line sensitive photoacid generators (PAGs) are useful for the photo-induced crosslinking of the materials having strong absorption in deep UV region. Derivatives of N-hydroxynaphthalene imide [2] and iodonium salts of 9,10-dimethoxyanthracene-2-sulfonic acid [3] are used as i-line sensitive PAGs. We have developed a series of i-line sensitive PAGs [4] [5] [6] [7] [8] .
We have interested in the photocrosslinking of diphenylfluorene and polysilane blends as potential functional coatings with high thermal stability, high transparency, and high refractive indices. Thus, we have developed the photo-induced acid-catalyzed crosslinking system of diepoxyfluorene/polysilane blends in the presence of PAGs on irradiation at 365 nm [4] . In the system, the photo-induced acid catalyzed the crosslinking of epoxides and the terminal groups of polysilanes. Unfortunately, the scission of Si-Si bonds of polysilanes occurred during the irradiation.
The irradiation caused serious damage to the functionalities of polysilanes such as electroluminescent properties. In this work, we reported that irradiation at 405 nm was effective to avoid the scission of Si-Si bonds of polysilanes in the presence of the PAG sensitive to the visible light.
The photocrosslinking properties were discussed in terms of structures of polysilanes and crosslinking conditions.
Experimental
N-Trifluoromethanesulfonyloxy-7-tert-butylthianthrene-2,3-dicarboxylic imide (tBuTHITf) [6] was kindly donated by Sanbo Chemical Ind., Ltd. Poly(methylphenylsilane) (PMPS) (M n = 11000), hyperbranched poly(phenylsilane) (hb-PPS) (M n = 600), and 9,9-bis[(3,4-diglycidyloxy)phenyl]-fluorene (BCAFG) (m.p.: 150 o C) were supplied from Osaka Gas Chemicals Co., Ltd.
Scheme 1
Sample films (ca. 0.5 m) were prepared by spin-casting from polymer solutions containing fluorene derivatives, polysilanes, and tBuTHITf onto CaF 2 plate or silicon wafer. Cyclohexanone and diglyme were used as solvents.
Irradiation was performed at 405 nm using a LED laser (Ball Semiconductor, BP300, 300 mW). Intensity at the light was measured with an Orc Light Measure UV-M02. Baking of the films was carried out with a conventional hot plate. Irradiated films were soaked in tetrahydrofuran and insoluble fraction was determined by comparing the film thickness before and after soaking.
UV-vis spectra were taken on a Shimadzu UV-2400 PC. FT-IR measurements were carried out using a JASCO IR-410.
Results and discussion

Photolysis of tBuTHITf
An i-line sensitive PAG tBuTHITf also worked as a PAG sensitive to 405 nm light. Figure 1 shows the UV spectral changes of tBuTHITf on irradiation at 405 nm in acetonitrile.
The photolysis profile was similar to that on irradiation at 365 nm [6] , which suggests that photolysis occurred in the same reaction mechanism regardless of the irradiation wavelength. Large spectral changes were observed on irradiation above 1600 mJ/cm 2 .
The spectral changes suggest that tBuTHITf photolysed to generate trifluoromethanesulfonic acid on irradiation at 405 nm. Figure 3 shows the effect of PEB time on insoluble fractions of PMPS/BCAFG and hb-PPS/BCAFG blended films. PMPS/BCAFG blended films showed higher reactivity than hb-PPS/BCAFG ones. The terminal OH groups in PMPS and hb-PPS may affect the reactivity. FT-IR spectral changes revealed the reaction mechanism of the blended films. Figure 6 shows the FT-IR spectral changes of PMPS/BCAFG blended films. On irradiation with 1600 mJ/cm 2 , the peaks at 1770 and 1800 cm -1 ascribed to imide C=O stretching of tBuTHITf disappeared, which indicates that tBuTHITf photolyzed to genearate acid. On the other hand, the peak at 905 cm -1 ascribed to epoxy C-O-C stretching of BCAFG did not changed after irradiation. About 60% decrease of the peak was observed after PEB at 110 o C for 4 min. The decrease was due to the cationic polymerization of epoxy in BCAFG initiated by the photo-induced acid.
The polymerization accompanied the insolubilization of the film due to the high functionality of BCAFG. The termination of the polymerization by the terminal OH groups of PMPS or hb-PPS also occurred as a minor reaction. A reaction mechanism of the PMPS/BCAFG photocrosslinking system is shown in Scheme 2. We considered that the Si-Si bonds in polysilanes were not photolyzed by using visible light as shown in Scheme 2. 
Conclusions
We have devised the photocrosslinked films of diphenylfluorene and polysilanes blends on irradiation at 405 nm.
Photo-decomposition of Si-Si bonds of polysilanes was successfully suppressed during irradiation of the visible light. The photocrosslinking properties were strongly affected by PEB conditions and irradiation dose. The sensitivity of PMPS/BCAFG blended film was superior to that of hb-PPS/BCAFG blended one. The photocrosslinking was mainly due to the acid-catalyzed polymerization of the epoxy moieties of BCAFG. PMPS and hb-PPS moieties were incorporated with the film by the termination reaction of the polymerization with the terminal OH groups.
